Background Free choice of hospital has been introduced in many healthcare systems to accommodate patient preferences and incentivize hospitals to compete; however, little is known about what patients actually prefer. Objectives This study assessed women's preferences for birthing hospital in Denmark by quantifying the utility and trade-offs of hospital attributes. Methods We conducted a discrete-choice experiment survey with 12 hypothetical scenarios in which women had to choose between three hospitals characterized by five attributes: continuity of midwifery care, availability of a neonatal intensive care unit (NICU), hospital services offered, level of specialization to handle rare events, and travel time. A random parameter logit model was used to estimate the utility and marginal willingness to travel (WTT) for improvements in other hospital attributes. Results A total of 517 women completed the survey. Significant preferences were expressed for all attributes (p \ 0.01), with the availability of a NICU being the most important driver of women's preferences; women were willing to travel 30 more minutes (95% confidence interval 28-32) to reach a hospital with a highly specialized NICU. The subgroup analyses revealed differences in WTT, with substantial heterogeneity due to prior experience with giving birth and regarding risk attitude and health literacy. Conclusion A high specialization level was the most influential factor for women without previous birth experience and for risk-averse individuals but not for women with a high health literacy score. Hence, more information about the woman's risk profile and services required could play a role in affecting hospital choice.
Introduction
In healthcare, patient choice is a popular reform model adopted by administrations with different political orientations in several Organisation for Economic Cooperation and Development (OECD) countries over the last two decades [1] [2] [3] [4] [5] . The belief is that by increasing patient choice, care providers will become more responsive to patients' demands, which in turn will drive greater efficiency in the delivery and funding of healthcare [4, 6] . However, understanding the factors that influence patients' responses to choice is important to ensure value-based delivery of services and to ascertain how demand factors affect the relative demand for care among different healthcare providers [7] .
The quality of healthcare provision varies in terms of different dimensions. Individuals are likely to value each of the quality dimensions when making healthcare decisions. If individuals can easily assess differences in these dimensions across providers, they can choose a provider based on their preferences [8] . Understanding patient preferences for healthcare providers will enable healthcare planners and policy makers to design patient-centered care [9] . Achieving patient-centered care depends on a thorough understanding of patient preferences at all stages of their journey through healthcare [10] .
This study was designed to assess the relative importance of several attributes of a hypothetical hospital from women's perspective, using a discrete-choice experiment (DCE). DCEs are increasingly being used to model patients' preferences regarding healthcare and provide a useful means of investigating the factors that affect patients' choice of treatment provider [11] . We chose to focus on women's choice of birthing hospital as it has been shown that women choose birthplace either before becoming pregnant or during the first trimester [12] . In addition, Regan and McElory [13] showed that most women knew what type of birth they wanted from an early stage in their pregnancy and that their choices were aligned with their understanding of risk.
To the best of our knowledge, several studies have used the DCE method to investigate preferences for choice of birthplace or choice of intrapartum care. Two studies were conducted in the Netherlands, both including home birth as an attribute in their design [14, 15] . Dutch maternity care identifies with its uniquely high rate of home birth compared with other industrialized countries [14] , and the results of these studies may therefore not be applicable to other European healthcare systems, in which hospital is the default birthplace. In the third study, conducted in Scotland, the DCE method was used to elicit women's preferences for midwife-managed units. The results of this study suggested that respondents preferred maternity units that offered a greater continuity of caregiver, more methods of pain relief, continuous fetal heart rate monitoring, a homelike appearance, routine involvement of medical staff and greater involvement for the woman in the decision-making process [16] . A recent study conducted in Ireland used DCE to investigate women's strengths of preference for different features of maternity care. In this study, the levels for each attribute broadly described service differences between consultant-and midwifery-led care centers. The results showed that women preferred being guaranteed continuity of care with the same midwife from antenatal through to intrapartum care; having immediate access to obstetric doctors and epidural anesthesia during labor; being actively involved in the decision making around their labor; and having extended periods of stay in hospital after the birth of their baby [17] .
In total, the results of the aforementioned DCE studies are not generalizable to the Danish healthcare setting because they focused on home birth or midwifery-led centers in choice of relevant attributes.
The objective of this article is to assess women's preferences for birthing hospital in Denmark by quantifying the trade-offs of hospital attributes based on women's preferences. In addition, we conducted subgroup analyses to verify whether specific pregnancy-related or personal characteristics could explain the heterogeneity in preferences.
Institutional Setting
Denmark has a universal, tax-financed healthcare system in which citizens have the right to choose their hospital. In Denmark, most births take place in hospitals, and the home birth rate is \ 2%. In addition, as hospital births in Denmark are normally midwife-led, alternative options such as midwife-led centers are not part of the Danish birthing setting [18] . In the Danish system, a pregnant woman will not visit an obstetrician unless she has a risk factor or experiences pregnancy complications.
All public hospitals provide standard obstetric services. However, according to the Danish Health and Medicines Authority (http://www.sst.dk), hospitals can offer highly specialized or regional functions. The hospitals that provide highly specialized functions provide gynecology and obstetrics services in addition to other highly specialized services such as anesthesiology (level 3), pediatrics, psychiatry, neurosurgery, thorax surgery, and plastic surgery, among others. The hospitals that provide regional functions cooperate with anesthesiology (level 2), internal medicine, neurology, surgery and pediatrics. However, in some areas with low population density, the pediatrics specialty is not available.
No midwifery-led centers are available in Denmark, but some birthing hospitals offer a 'known midwife' service. The intention of the known midwife concept is that one primary midwife (or a group of midwives) cares for the pregnant woman for most of her pregnancy, during birth and a short period after birth to provide greater continuity and security in pregnancy and the birth process (http:// www.rm.dk). However, potential heavy workloads mean they cannot guarantee that the same midwife can attend birth in some hospitals.
Additionally, the services that are offered to pregnant women at different hospitals may vary. For example, some hospitals provide water birth (although the service is not guaranteed). Further, the hoteling services vary amongst hospitals in terms of provision of private rooms, length of stay and whether the father can stay at the hospital after birth.
Materials and Methods

Establishing Attributes and Levels
The attributes and levels used in the survey were developed using several approaches. First, we conducted a literature search to identify the attributes used in previously published DCEs regarding choice of birthplace. We identified six studies on preferences for birthplace that applied the DCE approach. All studies investigated preferences for different birth settings such as hospital birth, home birth or midwife-led centers. The common attributes identified in the review related to availability of pain relief at different birthplaces, involvement of medical staff, continuity of care, birthplace atmosphere, involvement in decision making and travel time. Second, we interviewed 13 pregnant women about their priorities for birthing hospital based on their real choice of birthing hospital in the first trimester of their pregnancy [18] . A detailed explanation of the shortlisting of attributes and the choice of levels can be found in appendix A in the Electronic Supplementary Material (ESM).
We chose to include four attributes with three levels: continuity of midwifery care, availability of neonatal intensive care unit (NICU), hospital services offered and a hospital's level of specialization in handling rare and serious events during childbirth in addition to a travel time attribute. To ensure the attributes and their definitions and levels were understandable, we presented and discussed them in two focus group interviews (each with three women) and two individual interviews. Table 1 details the attributes and levels as well as the expected impact on women's utility of an increase in the level of each attribute.
Study Sample
We used a step-by-step guide for the calculation of the minimum sample size requirements to ensure the right sample size for the study [19] . Based on this guide, we needed a minimum sample size of 220 respondents, with a statistical power of 0.8 and 95% certainty that all parameter estimates were different from zero. To ensure robust results, we decided to recruit 500 participants. Participants were recruited by Userneeds (http://www.userneeds.dk). Userneeds is the largest consumer and citizen online panel in Denmark and is a member of ESOMAR (http://www. esomar.org). The online panel constitutes a representative sample of Danish citizens who have been actively recruited for the panel (to minimize selection bias, citizens are unable to sign up on their own initiative). To ensure that the sampling population included women of child-bearing age, we chose to invite women aged 18-40 years, distributed in different regions of Denmark, and with different levels of education. An invitation email with a link to the survey was sent to the selected members of the panel, and participation in the study was optional.
Experimental Design
The chosen attributes and levels were used to design the DCE, in which women were presented with choice sets containing three alternatives (hospital A, hospital B, and hospital C). We generated a fractional factorial design to create a subset of 36 profiles, divided across 12 choice sets with mean Bayesian D-error score of 0.45 using Ngene version 1.1.2 [20] . An example of a choice set is shown in Table 2 .
A pilot study of 12 choice sets was undertaken to inform the main design. A total of 50 women who were members of the online panel completed the pilot study, and the data were analyzed using multinomial logistic (MNL) regression and random parameters logit (RPL) model regression in Biogeme [21] , enabling priors to be obtained for updating the design. The Bayesian design was evaluated with the D-efficiency measure.
Constructing and Administering the Survey
The final survey consisted of three sections. Section one collected information on the participants' characteristics and their health behavior. Section two contained the DCE task as well as the respondents' rating of the difficulty of the survey and the level of assurance in their responses. Section three included questions on health literacy, regrets, and risk attitude. The full questionnaire is provided in the ESM.
The Health Literacy Questionnaire (HLQ) is a widely used measure of health literacy developed using a validitydriven approach including in-depth grounded consultations, psychometric analyses, and cognitive interviews [22] . The HLQ consists of nine scales. The present study included two of the scales: actively engage with healthcare providers (scale 6) and understanding health information well enough to know what to do (scale 9). Additionally, choices were evaluated based on the participating women's risk and regret attitudes. We chose to use Dohmen's selfreported willingness to take risks in health (SOEP-H), because its cross-validity and temporal stability have been validated and proven compared with other available risk preference measures [23] , and a regret scale developed by Schwartz et al. [24] was used to investigate the role of regret in future decision making. The online survey was administered via the online panel. The data collection took place from May to June 2017. To minimize selection bias, respondents were not informed about the content of the survey.
Data Analysis
To measure women's preferences, the choices from the experiment were analyzed using RPL regression. In the RPL model, we accounted for the panel nature of the dataset (multiple observations obtained from the same respondent over time) and allowed for preference heterogeneity from women by estimating the distribution of preferences for each of the non-travel-time-parameters as well as a mean preference parameter [25, 26] . In each of the choice sets, women were asked to choose between three unlabeled hospitals (hospitals A, B, and C).
U njt = b n X njt ? e njt represents utility from alternative j in choice situation t by woman n, with e njt being an independently and identically distributed extreme value. X njt is a vector of explanatory variables, and b n is a vector of coefficients of these variables representing individual's tastes. The density for b n is described as f (b n |h), where h refers to the parameters of the distribution (mean and variance). The conditional probability of woman n choosing alternative i from a total of J alternatives on choice occasion t is given by Eq. 1:
Under the RPL, we assume that b s are individual specific and the unconditional probability is the integral of this product over all values of b weighted by their density f (b n |h) (Eq. 2):
All parameters except for travel time were assumed to be random with a normal distribution. Travel time was kept fixed to make the computation of willingness to travel (WTT) more straight forward. To ensure a stable model parameter had been reached, we used 800 draws in the final model [27] .
The marginal rates of substitution were calculated as the WTT relative to changes in the levels of each of the other attributes. The mean WTT was estimated as the ratio of the respective attribute coefficient to the travel time coefficient, while holding other attributes at the reference level.
We used the Delta method to calculate the confidence intervals of WTT measures, which avoided most of the simulations by deriving partly analytical expressions for the standard errors [28] .
To evaluate the robustness of the results, we analyzed the impact of excluding participants who were defined as outliers: participants who failed the rationality check (i.e., an assessment of whether they consistently chose either hospital A, B, or C across all choice scenarios or did not choose a clearly dominant alternative), and those who responded to the survey at the mean response time ± one standard deviation (SD).
Subgroup analyses further investigated the effect of birth experience, previous experience with abortion or pregnancy complications, future pregnancy plans, as well as health literacy, risk, and regret attitudes on women's preferences.
Results
Characteristics of Respondents
To recruit respondents, a link to the survey was made available to web panelists who met the inclusion criteria. A total of 517 women answered the survey, and 15% of them rated the DCE as difficult or very difficult. We could not calculate a participation rate because we did not know the number of invitees. However, we compared our sample with data for women who gave birth in 2016 based on data from Statistics Denmark (http://www.statistikbanken.dk). Please see the ESM (appendix B, Table S2 ) for comparable characteristics. Given that women were not informed about the content of the survey, we did not expect a selection bias with regard to unobservable parameters. Table 3 shows the participants' socio-demographics and pregnancy-and health-related characteristics. Table 4 shows the regression results of the RPL model. The model demonstrates a McFadden pseudo-R 2 of 0.34, which indicates an acceptable model fit for a discretechoice model [29] .
Econometric Results
All attributes were found to be statistically significant (p \ 0.01). Women's preferences were consistent with our ex ante hypotheses about the effects of the attributes on utility. Respondents assigned positive utility to an improvement in the level of attributes. The availability of a NICU was the key driver of women's preferences, as indicated by the significantly large impact on utility. As expected, a longer travel time had a significant and negative effect on utility.
The estimated SD showed that, for the availability of NICU and hospital's level of specialization, there was heterogeneity among the levels of the attributes, but the SDs were smaller than the estimated coefficients and all women had positive utility for these two attributes.
The only attribute level with an SD larger than the estimated coefficient was the highest level of continuity of midwifery care. The significant SD showed that women had different preferences; the SD was larger than the coefficient, which means that some women might have had negative utility for having continuity of midwifery care versus not having continuity of midwifery care. Table 5 shows the WTT for improvements in the level of attributes. As expected, women were willing to spend a longer time travelling to hospital as a trade-off for better hospital attributes. Notably, women were willing to travel 30 min longer to reach a hospital with a highly specialized NICU department. Table 6 presents the WTT for a range of subgroups based on pregnancy-related characteristics, health literacy scores, and risk and regret attitudes.
The subgroup analyses indicated a substantial heterogeneity regarding prior birth experience. There was a tendency toward a greater WTT for a higher level of hospital ASC_1 slternative-specific constant for alternative hospital A, ASC_2 alternative-specific constant for alternative hospital B, NA not applicable, NICU neonatal intensive care unit, RPL random parameter logit, SE standard error **Significant at the 1% level; *significant at the 5% level CI confidence interval, NICU neonatal intensive care unit *Significant at the 5% level Table 6 Willingness to travel (95% confidence interval), subgroup analyses attributes among women that did not have birth experience. We observed a greater WTT to access a specialized hospital that can handle complicated birth among women who had prior experience with abortion. Women who had planned for a future pregnancy were more willing to travel to access a hospital with a NICU department and a highly specialized hospital that can handle complicated births.
We also found that a high score on both health literacy scales reduced the importance of continuity of midwifery care and the availability of a highly specialized NICU and a highly specialized hospital for handling complicated births. Significant heterogeneity was also observed among women with different risk attitudes, indicating that riskaverse women were willing to travel further for higher levels of all hospital attributes except for hospital services offered. With regard to regret attitude, women who displayed regret were more willing to travel for a longer time for most levels of hospital attributes, but significant heterogeneity was observed for availability of a NICU and hospital services offered.
Discussion
The survey revealed the relative importance of hospital attributes, with the availability of a specialized NICU being the most important factor across all subgroups of women. We found differences in preference patterns across our subgroup analyses. It was interesting that the most significant differences were found in the comparison between those with and without prior birth experience. Our results suggest that prior experience with giving birth (regardless of whether this was a positive or negative experience) reduced the WTT for all hospital attributes, albeit the relative importance of the attributes remained intact. The interpretation of this is that women with previous birth experience will be more likely to choose a hospital near their home, irrespective of the services the nearest hospital offers. In contrast, women without birth experience will be more willing to travel farther to give birth at their ideal hospital.
To the best of our knowledge, this is the first study to assess whether women's preferences for hospital attributes vary across levels of health literacy and attitudes toward risk and regret. We found substantial heterogeneity in preferences among women with different attitudes toward risk. Specifically, risk-averse women were more willing to travel to access a highly specialized hospital that can handle complications for both the mother and the infant. This brings up the question of whether women are fully aware of their pregnancy-related risk profile and the possibilities of the services offered at different hospitals. A cohort study that explored preferences and motives regarding place of birth in the Netherlands concluded that women require concrete information about the availability and characteristics of the services available within the maternity care system and the risks and benefits associated with different birth settings (home birth, midwifery-led care, or obstetric-led care centers) to make an informed choice about where to give birth [30] . Women with different regret attitudes showed different preferences for availability of a NICU and hospital services offered. Choice models based on random regret minimization (RRM) have been applied in studies of travel choice and have recently been introduced to health economics. RRM models hypothesize that individuals attempt to minimize regret rather than maximize utility when making choices [31, 32] . A meta-analysis by Brewer et al. [33] found that anticipated regret was generally a stronger predictor of intentions and behavior than other anticipated negative emotions and risk appraisals. The study suggests that the field should give greater attention to understanding how anticipated regret differs from similar constructs, its role in health behavior theory, and its potential use in health behavior interventions [33] .
As an analytical model, in addition to RPL we also used the MNL model. The results of the two models were similar in terms of the direction and significance of parameters. However, the RPL model, which accounts for individual heterogeneity, exhibited a superior fit regarding the log likelihood ratio test and had a higher Rho-squared value. Hence, we used RPL as the main model for our analyses.
We decided not to exclude irrational responses from our analyses. Lancsar and Louviere [34] outlined several reasons why deleting responses from DCEs may be inappropriate after first reviewing the theory underpinning rationality, indicating that the importance placed on rationality depends on the approach taken to consumer theory. They suggested that deleting responses may result in the removal of valid preferences, induce a sample selection bias, and reduce the statistical efficiency and power of the estimated choice models [34] .
Participants were forced to make a choice among the three hospitals, meaning they were not able to opt out or choose neither option. In general, the choice to include an opt-out option is determined by the objective of the DCE [35] . With hospital being the default birth place in Denmark, in addition to a negligible rate of home birth and unavailability of midwifery-led centers, we decided not to include a ''neither'' or ''opt out'' option. We believe that opt-out is not a viable option for obstetrics care in the Danish setting and, since we do not elicit welfare effects, the opt-out option is of minor importance.
It may be speculated whether the outcomes of this study are a good proxy for the actual behavior of the participating women. Do the hypothetical choices made by respondents reflect choices made by respondents in real-life settings? Within health economics, stated preferences have been compared to actual behavior in relation to consumption of medication [36] , participation in a screening programme [37] and participation in a lifestyle intervention among patients with type 2 diabetes mellitus [38] . These studies are not comparable to our case. It is generally recommended that additional studies be conducted to investigate the predictive value of DCEs by comparing stated preferences and actual behavior. Hence, further research is needed to test the external validity of the results of this DCE study, i.e., the extent to which women's behavior in the real world compares with their stated preferences.
One strength of the current study is that the design of choice scenarios was based on prior qualitative interviews [18] . Adequate sample sizes are crucial to obtain sufficient statistical power to test hypotheses in DCEs [39] . We used a step-by-step guide for calculating the required sample size in healthcare which addressed the issue of minimum sample size requirements in terms of the statistical power of hypothesis tests on the estimated coefficients [19] . Moreover, we do have a relatively large sample size, providing us with significant results.
It could be argued that a weakness of the study is that the respondents were not pregnant and that almost half of the participants did not plan to become pregnant; however, the results of the subgroup analysis suggested that their preferences were very similar irrespective of a woman's intention for future pregnancy.
Conclusion
We elicited the preferences that influence women's choice of birthplace, and we believe it is equally important to do so for other hospital services to better understand which factors steer a patients' choice of hospital. This information can be used to tailor services to the specific needs of women, and/or be used as a basis for better circumventing non-optimal decisions by ensuring that women's choices are based on complete information regarding the characteristics of the hospitals as well as an insight into the individual woman's risk profile.
Data Availability The data are not publicly available because women remain easily identifiable given the information provided.
